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(57) ABSTRACT

A control apparatus for a vehicular drive unit 1s provided.
The vehicular drive unit includes a continuously variable
transmission, and a clutch. The control apparatus includes an
clectronic control unit that 1s configured to acquire an o1l
temperature of hydraulic o1l for controlling the continuously
variable transmission and the clutch, and control the clutch
such that a torque capacity of the clutch becomes smaller
than a torque capacity that i1s set in a case where an oil
temperature of the hydraulic o1l 1s higher than a predeter-
mined o1l temperature, when the o1l temperature 1s equal to
or lower than the predetermined o1l temperature, or control

the continuously variable transmission such that a speed
ratio of the continuously variable transmission becomes
equal to or larger than a lower limit set in advance when the
o1l temperature of the hydraulic o1l 1s equal to or lower than
the predetermined o1l temperature.

4 Claims, 10 Drawing Sheets
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CONTROL APPARATUS FOR VEHICULAR
DRIVE UNIT

INCORPORAITION BY REFERENCE

The disclosure of Japanese Patent Application No. 2016-
0403502 filed on Mar. 2, 2016 including the specification,
drawings and abstract 1s incorporated herein by reference 1n
its entirety.

BACKGROUND

1. Technical Field

The present disclosure relates to a control apparatus for a
vehicular drive unit, and more particularly, to the control of
a vehicular drive unit that 1s equipped with a belt-type
continuously variable transmission.

2. Description of Related Art

There 1s known a vehicular drive umit that 1s equipped
with a power source, a continuously variable transmission
that 1s constituted of a pair of pulleys and a belt wound
around the pair of the pulleys, and a clutch that 1s provided
in a power transmission path between the continuously
variable transmission and a driving wheel. A vehicle
described 1n Japanese Patent Application Publication No.
2012-51468 (JP 2012-51468 A) 1s such an example. In the
vehicle described 1n Japanese Patent Application Publication
No. 2012-51468 (JP 2012-51468 A), with a view to restrain-
ing a belt from slipping as a result of the mmputting of an
excessive torque transmitted from a driving wheel side to a
continuously variable transmission, the torque capacity of a
clutch 1s reduced. When the excessive torque 1s iput to the
continuously variable transmission from the driving wheel
s1de, the clutch 1s caused to slip, so the belt 1s restrained from

slipping.
SUMMARY

By the way, when a driver suddenly brakes from a tire slip
state, the rotational speed of the driving wheel rapidly falls.
At this time, an excessive torque 1s input to the continuously
variable transmission from the driving wheel. On this occa-
s10n, the belt may slip. In contrast, it 1s conceivable to adopt
a method of restraining the belt from slipping by reducing
the torque capacity of the clutch 1n advance when a tire slip
state 1s detected, 1 preparation for subsequent sudden
braking by the driver. It should be noted herein that the
torque capacity of the clutch needs to be made smaller than
the belt torque capacity of the continuously variable trans-
mission in order to restrain the belt from slhipping. However,
when the o1l temperature of hydraulic o1l for controlling the
continuously variable transmission and the clutch is low, the
o1l pressure responsiveness deteriorates. Therefore, it takes
a long time before the torque capacity of the clutch 1s made
smaller than the belt torque capacity. The torque capacity of
the clutch may not be made smaller than the belt torque
capacity in time for sudden braking. As a result, 1t may be
impossible to restrain the belt from slipping.

The present disclosure provides a control apparatus that
can restrain a belt from slipping even when the o1l tempera-
ture of hydraulic o1l 1s low, 1n a vehicular drive unit having
a belt-type continuously variable transmission and a clutch
that 1s provided in a power transmission path between the
continuously variable transmission and a driving wheel.

A control apparatus for a vehicular drive unit according to
one aspect of the present disclosure 1s provided. The vehicu-
lar drive unit includes a power source, a continuously
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variable transmission, and a clutch. The continuously vari-
able transmaission 1s a belt-type continuously variable trans-
mission. A power of the power source 1s input to the
continuously variable transmission. The clutch 1s arranged
in a power transmission path between the continuously
variable transmission and a driving wheel. The control
apparatus 1mcludes an electronic control unit that 1s config-
ured to acquire an o1l temperature of hydraulic o1l for
controlling the continuously variable transmission and the
clutch, and control the clutch such that a torque capacity of
the clutch becomes smaller than a torque capacity that 1s set
in a case where an oil temperature of the hydraulic o1l 1s
higher than a predetermined o1l temperature, when the o1l
temperature 1s equal to or lower than the predetermined o1l
temperature, or control the continuously variable transmis-
sion such that a speed ratio of the continuously variable
transmission becomes equal to or larger than a lower limit
set 1n advance when the o1l temperature of the hydraulic o1l
1s equal to or lower than the predetermined o1l temperature.

With the control apparatus according to this aspect of the
present disclosure, when the o1l temperature of hydraulic o1l
1s equal to or lower than the predetermined o1l temperature,
the torque capacity of the clutch 1s controlled to a value
smaller than the torque capacity that 1s set 1n the case where
the oil temperature of hydraulic o1l i1s higher than the
predetermined o1l temperature. Thus, when a slip of the
driving wheel 1s detected, the torque capacity of the clutch
can be swiltly made smaller than the belt torque capacity of
the continuously variable transmission. Alternatively, when
the o1l temperature of hydraulic o1l 1s equal to the predeter-
mined o1l temperature, the speed ratio of the continuously
variable transmission 1s controlled to a value equal to or
larger than the lower limit set in advance, so the torque
capacity of the clutch becomes small. Therefore, when a slip
of the driving wheel 1s detected, the torque capacity of the
clutch can be swiltly made smaller than the belt torque
capacity of the continuously variable transmission. As a
result, even when an excessive torque 1s mput from the
driving wheel side after detection of a slip, the clutch slips,
so the belt of the continuously variable transmission can be
restrained from slipping.

In the control apparatus according to the atorementioned
aspect of the present disclosure, the electronic control unit
may be configured to set a command o1l pressure of the
clutch lower than a command o1l pressure that 1s set 1n a case
where the o1l temperature of the hydraulic oil 1s higher than
the predetermined o1l temperature, when the o1l temperature
of the hydraulic o1l 1s equal to or lower than the predeter-
mined o1l temperature.

With the control apparatus according to this aspect of the
present disclosure, the command o1l pressure of the clutch 1s
set lower than the command o1l pressure that 1s set 1n the
case where the o1l temperature of hydraulic o1l 1s higher than
the predetermined oil temperature. Therefore, the torque
capacity ol the clutch becomes smaller than the torque
capacity at the time when the o1l temperature 1s higher than
the predetermined oil temperature. When a slip of the
driving wheel 1s detected, the torque capacity of the clutch
can be swiltly made smaller than the belt torque capacity of
the continuously variable transmission.

In the control apparatus according to the aforementioned
aspect of the present disclosure, the electronic control unit
may be configured to control the continuously variable
transmission such that a belt torque capacity of the continu-
ously variable transmission becomes larger than in a case
where the o1l temperature of the hydraulic o1l 1s higher than
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the predetermined o1l temperature, when the o1l temperature
of the hydraulic o1l 1s equal to or lower than the predeter-
mined o1l temperature.

With the control apparatus according to this aspect of the
present disclosure, when the o1l temperature of hydraulic o1l
1s equal to or lower than the predetermined o1l temperature,
the belt torque capacity of the continuously variable trans-
mission 1s controlled to a value larger than in the case where
the o1l temperature i1s higher than the predetermined oil
temperature. Therefore, when a slip of the driving wheel 1s
detected, the torque capacity of the clutch can be swiitly
made smaller than the belt torque capacity of the continu-
ously variable transmission.

In the control apparatus according to the aforementioned
aspect of the present disclosure, the electronic control unit
may be configured such that a value of the torque capacity
of the clutch 1n a case where the o1l temperature of the
hydraulic o1l 1s equal to or lower than the predetermined o1l
temperature 1s a value that can be made smaller than a belt
torque capacity of the continuously variable transmission
within a reference response time set 1n advance from detec-
tion of a slip of the driving wheel.

With the control apparatus according to this aspect of the
present disclosure, the value of the torque capacity of the
clutch that 1s set 1n the case where the o1l temperature of
hydraulic o1l 1s equal to or lower than the predetermined o1l
temperature 1s set to a value that can be made smaller than
the belt torque capacity of the continuously variable trans-
mission within the reference response time set 1n advance
from detection of a slip of the driving wheel. Therefore,
when a slip of the driving wheel 1s detected, the torque
capacity of the clutch can be made smaller than the belt
torque capacity within the reference response time.

In the control apparatus according to the atorementioned
aspect of the present disclosure, the electronic control unit
may be configured to control the continuously variable
transmission in such a manner as to make a belt torque
capacity of the continuously variable transmission larger
than the torque capacity of the clutch when a slip of the
driving wheel 1s detected.

With the control apparatus according to this aspect of the
present disclosure, when a slip of the driving wheel 1s
detected, the belt torque capacity of the continuously vari-
able transmission 1s enhanced to a value larger than the
torque capacity of the clutch. Therefore, even when an
excessive torque 1s mput from the driving wheel side, the
clutch slips, so the belt of the continuously variable trans-
mission 1s restrained from slipping.

In the control apparatus according to the aforementioned
aspect of the present disclosure, the electronic control unit
may be configured to control the power source such that a
torque of the power source 1s limited to a torque within such
a range as not to cause the clutch to slip at a time of
transmission of the torque of the power source to the clutch,
when the torque capacity of the clutch becomes smaller than
a torque capacity at a time when the o1l temperature of the
hydraulic o1l 1s higher than the predetermined o1l tempera-
ture.

With the control apparatus according to this aspect of the
present disclosure, while the torque capacity of the clutch 1s
controlled to a value smaller than the torque capacity at the
time when the o1l temperature of hydraulic o1l 1s higher than
the predetermined o1l temperature, the torque of the power
source 1s limited to such a range that the clutch does not slip
when the torque 1s transmitted to the clutch. Therefore, the
clutch 1s restrained from slipping when the torque of the
power source 1s transmitted to the clutch.
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BRIEF DESCRIPTION OF THE DRAWINGS

Features, advantages, and technmical and industrial signifi-
cance ol exemplary embodiments of the present disclosure
will be described below with reference to the accompanying
drawings, 1n which like numerals denote like elements, and
wherein:

FIG. 1 1s a view showing the outline of a vehicular drive
unit to which the present disclosure 1s favorably applied;

FIG. 2 1s a functional block diagram illustrating an
input/output system of an electronic control unit that is
provided in the drive unit to control an engine, a continu-
ously variable transmission and the like of FIG. 1, and
illustrating an essential part of control functions performed
by the electronic control unit;

FIG. 3 1s a view showing the responsiveness of a torque
capacity of a clutch and a belt torque capacity of the
continuously variable transmission to an o1l temperature;

FIG. 4 1s a view showing a relationship between a speed
ratio and a realization time that 1s needed to realize a state
where the torque capacity of the clutch 1s smaller than the
belt torque capacity;

FIG. 5 1s a flowchart illustrating a control operation that
1s performed by the electronic control unit of FIG. 2 to make
it possible to restrain a belt of the continuously variable
transmission from slipping even when an inertia torque 1s
input from driving wheels due to a slip of a vehicle;

FIG. 6 1s a time chart showing an operation result based
on the flowchart of FIG. 5;

FIG. 7 1s a functional block diagram illustrating an
essential part ol control functions performed by an elec-
tronic control umt that controls a vehicular drive umit
corresponding to the other embodiment of the present dis-
closure;

FIG. 8 1s a view showing the response characteristics of
a torque capacity of a clutch and a belt torque capacity of a
continuously variable transmission at the time of a low o1l
temperature;

FIG. 9 1s a flowchart illustrating a control operation that
1s performed by the electronic control unit of FIG. 7 to make
it possible to restrain a belt of the continuously variable
transmission from slipping even when an inertia torque 1s
input from driving wheels due to a slip of a vehicle; and

FIG. 10 1s a time chart showing an operation result based
on the tlowchart of FIG. 9.

DETAILED DESCRIPTION OF EMBODIMENTS

The embodiments of the present disclosure will be
described heremnafter in detail with reference to the draw-
ings. Incidentally, in the following embodiments of the
present disclosure, the drawings are simplified or modified
as appropriate, and the dimensional ratios, shapes and the
like of respective portions are not necessarily depicted with
accuracy.

FIG. 1 1s a view showing the outline of a vehicular drive
unmt 10 (hereinafter referred to as the drive unit 10) to which
the present disclosure 1s favorably applied. The drive unit 10
1s configured to 1nclude an engine 12 as a power source, a
torque converter 14, a belt-type continuously variable trans-
mission 16, a clutch 18, a pair of reduction gears 20, a
differential device 22 and a pair of right and left driving
wheels 24.

The engine 12 i1s configured as an internal combustion
engine, for example, a gasoline engine, a diesel engine or the
like. The torque converter 14 1s equipped with a pump
impeller 14p that 1s coupled to a crankshatt 26 of the engine
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12, and a turbine impeller 147 corresponding to an output-
side member of the torque converter 14, and transmits power
via fluid.

The continuously variable transmission 16 1s provided in
a power transmission path between an input shait 28 that 1s
coupled to the turbine impeller 14¢ of the torque converter 14
and a first output shatt 30. The continuously variable trans-
mission 16 1s equipped with a primary pulley 32 (a variable
pulley 32) which i1s an mput-side member coupled to the
input shaift 28 and whose eflective diameter 1s variable, a
secondary pulley 34 (a variable pulley 34) which 1s an
output-side member and whose eflective diameter 1s vari-
able, and a transmission belt 36 that 1s wound around the pair
of the primary pulley 32 and the secondary pulley 34. Power
1s transmitted via a Irictional force between the pair of the
variable pulleys 32 and 34 and the transmission belt 36.

The primary pulley 32 1s equipped with a fixed sheave 324
as an iput-side fixed rotating body, a movable sheave 3256
as an input-side movable rotating body that 1s provided
relatively unrotatably around an axis of the fixed sheave 324
and movably 1n an axial direction thereotf, and a hydraulic
cylinder 32¢ that generates a thrust force for moving the
movable sheave 326 to change the width of a V-shaped
groove between the fixed sheave 324 and the movable
sheave 32b.

The secondary pulley 34 1s configured to be equipped
with a fixed sheave 34a as an output-side fixed rotating
body, a movable sheave 34b as an output-side movable
rotating body that 1s provided relatively unrotatably around
an axis of the fixed sheave 34a and movably 1n an axial
direction thereof, and a hydraulic cylinder 34¢ that generates
a thrust force for moving the movable sheave 345 to change
the width of a V-shaped groove between the fixed sheave
34a and the movable sheave 345.

Due to a change 1mn a hanging diameter (the eflective
diameter) of the transmission belt 36 resulting from a change
in the width of the V-shaped groove of the pair of the
variable pulleys 32 and 34, an actual speed ratio (a gear
rat1o) v (=an input shaft rotational speed/an output shaft
rotational speed) 1s continuously changed. For example,
when the V-groove width of the primary pulley 32 1s
narrowed, the speed ratio v 1s reduced. That 1s, the continu-
ously variable transmission 16 1s upshiited. Besides, when
the width of the V-shaped groove of the primary pulley 32
1s widened, the speed ratio v 1s increased. That 1s, the
continuously variable transmission 16 1s downshiited.

The clutch 18 1s provided between the first output shaitt 30
and a second output shaft 31 that 1s coupled to a drive gear
20a that constitutes the pair of the reduction gears 20. The
clutch 18 corresponds to a disconnection/connection device
that disconnects/connects the first output shatt 30 and the
second output shait 31 from/to each other, and 1s a hydraulic
frictional engagement device that 1s frictionally engaged by
a hydraulic cylinder 18a.

The pair of the reduction gears 20 are configured to be
equipped with the drive gear 20a and a driven gear 205 that
also functions as an mput rotary member of the differential
device 22. The difierential device 22 transmits a power input
from the driven gear 205 to the right and left driving wheels
24 via a pair of right and left wheels 38 while imparting a
difference in rotational speed to the pair of the right and left
wheels 38 as appropnate. Incidentally, a differential gear in
the differential device 22 1s configured according to a known
art, so detailed description thereotf will be omitted.

FIG. 2 1s a functional block diagram illustrating an
input/output system of an electronic control unit 50 that 1s
provided in the drive unit 10 to control the engine 12, the
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6

continuously variable transmission 16 and the like, and
illustrating an essential part of control functions performed
by the electronic control unit 50. The electronic control unit
50 1s configured to 1include a so-called microcomputer that 1s
equipped with, for example, a CPU, a RAM, a ROM, an
input/output interface and the like, and performs various
kinds of control of the drive unit 10 by performing a signal
processing according to a program stored in advance in the
ROM while utilizing a temporary storage function of the
RAM. For example, the electronic control umt 50 performs
output control of the engine 12, shift control and belt
clamping force control of the continuously variable trans-
mission 16, torque capacity control of the clutch 18 and the
like, and 1s configured to be divided into an electronic
control unit for engine control, an electronic control unit for
continuously variable transmission control or the like 1f
necessary.

Signals representing a rotational angle (a position) Acr of
the crankshaft and a rotational speed of the engine 12 (an
engine rotational speed) Ne as detection results of an engine
rotational speed sensor 52, a signal representing an input
shaft rotational speed Nin, that 1s, a rotational speed of the
input shait 28 of the continuously variable transmission 16
as a detection result of an 1input shait rotational speed sensor
54, a signal representing a rotational speed Nsec of the
secondary pulley 34 of the continuously variable transmis-
sion 16 and the first output shait 30 coupled thereto as a
detection result of a first output shait rotational speed sensor
56, a signal representing a rotational speed Nout of the
second output shaft 31 corresponding to a vehicle speed V
as a detection result of a second output shaft rotational speed
sensor 58, a signal representing a throttle opening degree Oth
of an electronic throttle valve as a detection result of a
throttle sensor 60, a signal representing an accelerator open-
ing degree Acc, that 1s, an operation amount of an accelera-
tor pedal as an amount of acceleration requested by a driver
as a detection result of an accelerator opening degree sensor
62, a signal representing a brake-on condition Bon indicat-
ing a state where a foot brake as a regular brake has been
operated as a detection result of a foot brake switch 64, a
signal representing a lever position (an operation position)
Psh of a shiit lever as a detection result of a lever position
sensor 66, a signal representing an o1l temperature Toil of
hydraulic o1l for controlling the continuously variable trans-
mission 16 and the clutch 18 as a detection result of an o1l
temperature sensor 68, and the like are supplied to the
clectronic control unit 50.

Besides, engine output control command signals Se for
output control of the engine 12, o1l pressure control com-
mand signals Scvt for o1l pressure control regarding the
shifting of the continuously variable transmission 16, an o1l
pressure control command signal Scl for adjusting the torque
capacity of the clutch 18, and the like are output from the
clectronic control unit 50. In concrete terms, a throttle signal
for controlling the opening/closing of the electronic throttle
valve by driving a throttle actuator, an 1njection signal for
controlling the amount of tuel injected from a fuel 1njection
device, an 1gnition timing signal for controlling the 1gnition
timing of the engine 12 by an ignition device, and the like
are output as the aforementioned engine output control
command signals Se. Besides, a command signal for driving
a linear solenoid valve (not shown) that adjusts a primary
pressure Pin that 1s supplied to the hydraulic cylinder 32¢
constituting the primary pulley 32, a command signal for
driving a linear solenoid valve (not shown) that adjusts a
secondary pressure Pout that i1s supplied to the hydraulic
cylinder 34¢ constituting the secondary pulley 34, and the
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like are output to an o1l pressure control circuit 70 as the
alforementioned o1l pressure control command signals Scvt.
Furthermore, a command signal for driving a linear solenoid

valve that adjusts an o1l pressure Pcl that 1s supplied to the
hydraulic cylinder 18a of the clutch 18 1s output to the o1l
pressure control circuit 70 as the o1l pressure control com-
mand signal Scl.

Next, the control functions of the electronic control unit
50 will be described. An engine output control unit 80
(engine output control means) shown 1n FIG. 2 outputs the
engine output control command signals Se such as the
throttle signal, the injection signal, the 1gnition timing signal
and the like to the throttle actuator, the fuel injection device
and the 1gnition device respectively for the sake of, for
example, output control of the engine 12. The engine output
control unit 80 sets a target engine torque Te* for obtaining
a required driving force (a driving torque) that 1s calculated
based on, for example, the accelerator opening degree Acc
and the vehicle speed V, and performs opening/closing
control of the electronic throttle valve by the throttle actua-
tor such that the target engine torque Te* 1s obtained. In
addition, the engine output control unit 80 controls the fuel
injection amount by the fuel mjection device, and controls
the 1gnition timing by the 1gnition device.

A continuously variable shift control unit 82 (continu-
ously variable shift control means) controls the speed ratio
v of the continuously variable transmission 16 such that a
target speed ratio yv* that 1s calculated based on the accel-
erator opening degree Acc, the vehicle speed V, a brake-on
signal Bon and the like 1s achieved. In concrete terms, the
continuously variable shift control unit 82 decides a primary
command pressure Pintgt as a command value of the pri-
mary pressure Pin (a target primary pressure Pin*) and a
secondary command pressure Pouttgt as a command value
of the secondary pressure Pout (a target secondary pressure
Pout*) 1n such a manner as to achieve the target speed ratio
v* of the continuously variable transmission 16 at which an
operating point of the engine 12 1s on an optimal fuel
economy line while preventing the belt of the continuously
variable transmission 16 from slipping, in other words, such
that a target engine rotational speed Ne* at which the
operating point of the engine 12 1s on the optimal tfuel
economy line 1s achieved, and outputs the primary command
pressure Pintgt and the secondary command pressure Pouttgt
to the o1l pressure control circuit 70. Incidentally, the con-
tinuously variable shift control unit 82 calculates, as needed,
the actual speed ratio v (=Nin/Nsec) of the continuously
variable transmission 16 based on the first output shaft
rotational speed Nsec and the input shaft rotational speed
Nin.

A clutch torque control unit 84 (clutch torque control
means) controls the torque capacity of the clutch 18 that 1s
provided between the first output shaft 30 and the second
output shait 31, in accordance with the running state of the
vehicle. At the time of normal running, the clutch torque
control unmt performs control such that a torque transmitted
from the continuously variable transmission 16 1s transmit-
ted to the driving wheels 24 without being lost, namely, that
a torque capacity Tcl of the clutch 18 becomes larger than a
transmissible belt torque capacity Tcvt of the continuously
variable transmission 16. Incidentally, the belt torque capac-
ity Tcvt of the continuously variable transmission 16 1is
calculated based on a relationship determined in advance,
from an o1l pressure Pin of the hydraulic cylinder 32¢ of the
primary pulley 32 and an o1l pressure of the hydraulic
cylinder 34c¢ of the secondary pulley 34. Besides, the torque
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capacity Tcl of the clutch 18 1s calculated based on the o1l
pressure Pcl of the hydraulic cylinder 18a of the clutch 18.

Besides, when the rotational speed of the driving wheels
24 rapidly falls due to sudden braking by the driver, a change
in a friction coeflicient u of a road surface or the like with
the driving wheels 24 (tires) slipping, an inertia torque
resulting from a change 1n rotational speed is mput to the
continuously variable transmission 16 from the driving
wheel sides. This inertia torque may cause a belt of the
continuously variable transmission 16 to slip. Thus, upon
detecting a slip of the driving wheels 24, the clutch torque
control unit 84 reduces the torque capacity Icl of the clutch
18 that 1s provided in the power transmission path between
the continuously variable transmission 16 and the driving
wheels 24, to a value that 1s set in advance smaller than the
belt torque capacity Tcvt of the continuously variable trans-
mission 16. Incidentally, when the amount of change 1n each
of the engine rotational speed Ne, the mput shaft rotational
speed Nin, the rotational speed Nsec of the first output shait
30 and the rotational speed Nout of the second output shaft
31 per unit time exceeds a prescribed value set in advance,
it 1s determined that the driving wheels 24 have slipped.

In conjunction with the control by the aforementioned
clutch torque control unit 84, upon detecting a slip of the
driving wheels 24, the continuously variable shift control
umt 82 increases the belt torque capacity Tcvt of the
continuously varniable transmission 16 to a value that 1s set
in advance larger than the torque capacity Icl of the clutch
18. Due to the performance of this control, the torque
capacity Tcl of the clutch 18 becomes smaller than the belt
torque capacity Tcvt of the continuously variable transmis-
sion 16. Therefore, even when an 1nertia torque 1s transmit-
ted from the driving wheel sides, the clutch 18 slips to
restrain the belt of the continuously variable transmission 16
from slipping and protect the transmission belt 36.

It should be noted herein that when a slip 1s detected, the
torque capacity Tcl of the clutch 18 1s desired to be swiltly
made smaller than the belt torque capacity Tcvt of the
continuously variable transmission 16 (Tcl<Icvt). Thus, a
reference response time trep as a permissible time for
making the torque capacity Tcl of the clutch 18 smaller than
the belt torque capacity Tcvt of the continuously variable
transmission 1s set in advance with respect to a time point
when a slip 1s detected. The torque capacity Tcl of the clutch
18 15 so controlled as to become smaller than the belt torque
capacity Tcvt of the continuously variable transmission 16
within this reference response time trep. Incidentally, the
reference response time trep 1s a value that 1s obtained in
advance experimentally, and 1s set to a time (e.g., about 0.2
sec) shorter than a period from the occurrence of a slip to the
inputting of an inertia torque.

By the way, the responsiveness of the torque capacity Icl
of the clutch 18 changes in accordance with the o1l pressure
responsiveness of the hydraulic cylinder 18a of the clutch
18, and the responsiveness of the belt torque capacity Tevt
of the continuously variable transmission 16 changes 1n
accordance with the o1l pressure responsiveness of the
hydraulic cylinders 32¢ and 34¢ of the continuously variable
transmission 16. For example, when the o1l temperature Toil
of the hydraulic o1l 1n the o1l pressure control circuit 70
becomes low, both the responsiveness of the torque capacity
Tcl of the clutch 18 and the responsiveness of the belt torque
capacity Tcvt of the continuously variable transmission 16
deteriorate as the viscosity of the hydraulic o1l increases.

FIG. 3 shows the responsiveness of the torque capacity
Tcl of the clutch 18 and the belt torque capacity Tcvt of the
continuously variable transmission 16 to the o1l temperature
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Toil. FIG. 3 shows the responsiveness at the time when the
o1l temperature Toil of hydraulic o1l 1s equal to 80° C., and
the responsiveness at the time when the o1l temperature Toil
of hydraulic o1l 1s equal to —30° C. Other conditions 1nclud-
ing the speed ratio v are the same. FIG. 3 shows a case where
a predetermined value o 1s output as a command value of the
torque capacity Icl of the clutch 18 and a predetermined
value 3 1s output as a command value of the belt torque
capacity Tcvt of the continuously variable transmission 16 at
a time point t1.

When the o1l temperature Toil of hydraulic o1l 1s equal to
80° C., the torque capacity Tcl of the clutch 18 and the belt
torque capacity Tcvt of the continuously variable transmis-
sion 16 swiltly change from the time point t1 as a result of
low viscosity of hydraulic o1l and high responsiveness of o1l
pressure. Then, the torque capacity Tcl becomes smaller than
the belt torque capacity Tcvt within the reference response
time trep that 1s set in advance with respect to the time point
tl. Accordingly, when a slip 1s detected, for example, at the
time point t1 and the torque capacity ‘Icl 1s so controlled as
to become smaller than the belt torque capacity Tcvt, the
torque capacity Icl becomes smaller than the belt torque
capacity Tcvt within the reference response time trep. There-
fore, the belt can be restrained from shipping after the
occurrence of a slip.

On the other hand, when the oil temperature Toil of
hydraulic o1l 1s equal to =30° C., the torque capacity Tcl of
the clutch 18 and the belt torque capacity Tcvt of the
continuously variable transmission 16 gently change at and
after the time point t1 as a result of high viscosity of
hydraulic o1l and low responsiveness of o1l pressure. Thus,
at a time point 12 after the lapse of the reference response
time trep from the time point t1 as well, the torque capacity
Tcl does not become smaller than the belt torque capacity
Tevt. Accordingly, even when a slip 1s detected, for example,
at the time point t1 and the torque capacity Icl 1s so
controlled as to become smaller than the belt torque capacity
Tcvt, the torque capacity Tcl does not become smaller than
the belt torque capacity Tcvt within the reference response
time trep. Thus, a slip of the belt may occur due to an 1nertia
torque that 1s input at and after the time point t2.

As described above, the responsiveness ol the torque
capacity Tcl of the clutch 18 and the responsiveness of the
belt torque capacity Tcvt of the continuously variable trans-
mission 16 change 1n accordance with the o1l temperature
Toil of hydraulic oil. Therefore, the time required to make
the torque capacity Tcl smaller than the belt torque capacity
Tcvt after the occurrence of a slip may exceed the reference
response time trep. Thus, the torque capacity Tcl of the
clutch 18 can be made smaller than the belt torque capacity
Tcv of the continuously variable transmission 16 until the
lapse of the reference response time trep after the occurrence
of a slip, by performing the control to be described below 1n
accordance with the o1l temperature Toil of hydraulic o1l.
The control that makes the foregoing possible will be
described hereinatter.

Returning to FIG. 2, an o1l temperature determination unit
86 (o1l temperature determination means) determines
whether or not the o1l temperature Toil of hydraulic o1l
detected by the o1l temperature sensor 68 has become equal
to or lower than a predetermined o1l temperature Ta set in
advance. The predetermined o1l temperature Ta 1s a value
that 1s obtained in advance through an experiment or an
analysis, and 1s set to a threshold of the o1l temperature Toil
that can make the torque capacity Tcl smaller than the belt
torque capacity Tcvt within the reference response time trep,
or to the vicinity of the threshold. When the o1l temperature
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Toil 1s higher than the predetermined o1l temperature Ta., the
control of making the torque capacity Tcl smaller than the
belt torque capacity Tcvt within the reference response time
trep (hereinafter referred to as low o1l temperature belt slip
restraint control) 1s not performed even 1 a low o1l tem-
perature state that will be described later. On the other hand,
when the o1l temperature Toil 1s equal to or lower than the
predetermined o1l temperature Ta, low o1l temperature belt
slip restraint control 1s performed. That 1s, the o1l tempera-
ture determination unit 86 has the function of determiming
whether to perform low o1l temperature belt slip restrain
control or not.

A speed ratio lower limit setting unit 88 (speed ratio lower
limit setting means) executes a setting for speed ratio lower
limit when the o1l temperature determination unit 86 deter-
mines that the oil temperature Toil 1s equal to or lower than
the predetermined o1l temperature To.. The speed ratio lower
limit setting unit 88 sets a lower limit vlow of the speed ratio
v of the continuously vanable transmission 16. When the
speed ratio lower limit setting unit 88 sets the lower limit
vlow of the speed ratio vy of the continuously variable
transmission 16, the continuously variable shift control unit
82 performs control such that the speed ratio y of the
continuously variable transmission 16 becomes equal to or
larger than the lower limait ylow.

For example, when the speed ratio lower limit setting unit
88 sets the lower limit yvylow of the speed ratio v, the
continuously variable shiit control unit 82 sets the target
speed ratio v*, which 1s calculated based on the accelerator
opening degree Acc, the vehicle speed V or the like, to the
lower limit vlow as soon as the target speed ratio v* becomes
smaller than the lower limit vlow. Incidentally, when the
calculated target speed ratio v* 1s equal to or larger than the
lower limit ylow, the continuously variable shift control unit
82 performs control such that the speed ratio v becomes
equal to the calculated target speed ratio y*.

The lower limit vlow 1s obtained 1n advance experimen-
tally or analytically. In concrete terms, the lower limit ylow
1s set to a value that can make the torque capacity Tcl of the
clutch 18 smaller than the belt torque capacity Tcvt of the
continuously variable transmission 16 within the reference
response time trep. FIG. 4 shows a relationship between the
speed ratio v and a realization time tcon required to make the
torque capacity Tcl smaller than the belt torque capacity Tcvt
at each of o1l temperatures (-30° C., -20° C., -10° C. and
0° C.). Incidentally, FIG. 4 1s obtained based on an experi-
ment.

In FIG. 4, the axis of abscissa represents the speed ratio
v of the continuously variable transmission 16 during run-
ning, and the axis of ordinate represents the realization time
tcon that 1s required to make the torque capacity Tcl of the
clutch 18 smaller than the belt torque capacity Tcvt. Besides,
in the drawing, “each black circle” indicates a case where
the o1l temperature of hydraulic o1l 1s equal to =30° C., “each
blank triangle” indicates a case where the o1l temperature
Toil 1s equal to —20° C., “each black square” indicates a case
where the o1l temperature Toil 1s equal to —10° C., and “each
blank circle” indicates a case where the o1l temperature Toil
1s equal to 0° C.

As shown 1n FIG. 4, the realization time tcon shortens as
the speed ratio v increases. That 1s, the swiltness with which
the torque capacity Tcl can be made smaller than the belt
torque capacity Tcvt increases as the speed ratio v increases.
This 1s because of the following reason. The torque capacity
Icl (a one-axis equivalent value) that 1s converted 1n the case
where the clutch 18 1s arranged concentrically with the
engine 12 (on the input shait 28) decreases as the speed ratio
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v 1ncreases. Thus, even when the amount of change (the
amount of decrease) of the hydraulic cylinder 18a of the
clutch 18 1s small, the torque capacity Icl can be made
smaller than the belt torque capacity Tcvt. That 1s, even
when the o1l pressure Pcl of the hydraulic cylinder 18a of the
clutch 18 remains the same, the torque capacity Tcl (the
one-axis equivalent value) that 1s converted in the case
where the clutch 18 1s arranged concentrically with the
engine 12 decreases as the speed ratio v of the continuously
variable transmission 16 increases. Therefore, the torque
capacity Tcl can be swiltly made smaller than the belt torque
capacity Tcvt.

Besides, the realization time tcon lengthens as the oil
temperature Toil falls. For example, 11 a comparison 1s made
at the same speed ratio vy, the realization time tcon 1s the
longest in the case where the o1l temperature Toil 1s equal to
-30° C. as shown 1n FIG. 4. Then, the realization time tcon
shortens as the o1l temperature shifts from -20° C. to —=10°

C. and then to 0° C.

The case where the o1l temperature Toil 1s equal to -30°
C. will be described. In a region where the speed ratio v 1s
smaller than a predetermined value va, the realization time
tcon 1s longer than the foregoing reference response time
trep. When the speed ratio y reaches the predetermined value
va, the realization time tcon becomes equal to the reference
response time trep. Accordingly, in the region where the
speed ratio v 1s smaller than the predetermined value va, it 1s
difficult to make the torque capacity Tcl smaller than the belt
torque capacity Tcvt within the reference response time trep.
However, when the speed ratio becomes equal to or larger
than the predetermined value ya, the torque capacity Tcl can
be made smaller than the belt torque capacity Tevt within the
reference response time trep.

In the case where the o1l temperature Toil 1s equal to -20°
C., mn a region where the speed ratio v 1s smaller than a
predetermined value vb, the realization time tcon 1s longer
than the reference response time trep. When the speed ratio
v reaches the predetermined value yb, the realization time
tcon becomes equal to the reference response time trep.
Accordingly, 1n the region where the speed ratio v 1s smaller
than the predetermined value vb, 1t 1s difficult to make the
torque capacity Tcl smaller than the belt torque capacity Tcvt
within the reference response time trep. However, when the
speed ratio becomes equal to or larger than the predeter-
mined value vb, the torque capacity Icl can be made smaller
than the belt torque capacity Tcvt within the reference
response time trep.

Besides, 1n the case where the o1l temperature Toil 1s equal
to —10° C. or 0° C., regardless of the value of the speed ratio
v, the realization time tcon is shorter than the reference
response time trep. Thus, in the case where the o1l tempera-
ture Toil 1s equal to -30° C., the lower limit vlow of the
speed ratio v 1s set to the predetermined value va, so the
torque capacity Icl can be made smaller than the belt torque
capacity Tcvt within the reference response time ftrep.
Besides, in the case where the o1l temperature Toil 1s equal
to —20° C., the lower limit vlow of the speed ratio v 1s set to
the predetermined value yb, so the torque capacity Tcl can be
made smaller than the belt torque capacity Tcvt within the
reference response time trep. Besides, in the case where the
o1l temperature Toil 1s equal to —10° C. or 0° C., the torque
capacity Icl can be made smaller than the belt torque
capacity Tcvt within the reference response time trep, with-
out setting the lower limit vlow of the speed ratio v. In this
regard, the predetermined o1l temperature Ta. 1s set as the o1l
temperature Toil between -20° C. and -10° C.
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As described above, the lower limit ylow that can make
the torque capacity Icl smaller than the belt torque capacity
Tcvt within the reference response time trep 1s obtained 1n
advance at each o1l temperature Toil of hydraulic oil, and 1s
stored as a relational map. The speed ratio lower limit setting
unit 88 sets the lower limit ylow by referring to the current
o1l temperature Toil, based on the relational map constituted
of the o1l temperature Toil and the lower limit ylow. By
controlling the set lower limit ylow as the lower limait of the
speed ratio vy, the continuously varniable shift control unit 82
can make the torque capacity Tcl of the clutch 18 smaller
than the belt torque capacity Tcvt of the continuously
variable transmission 16 after a slip of the driving wheels 24
1s detected, even when the o1l temperature Toil 1s low.

FIG. 5 1s a flowchart illustrating a control operation that
1s performed by the electronic control unit 50 to make 1t
possible to restrain the belt of the continuously variable
transmission 16 from slipping even when an inertia torque 1s
input from the driving wheels 24 due to a slip of the vehicle.
This flowchart 1s repeatedly executed during the running of
the vehicle.

First of all, 1n step S1 (the word “step” will be omitted
hereinafter) corresponding to the function of the o1l tem-
perature determination unit 86, 1t 1s determined whether or
not the o1l temperature Toil of hydraulic o1l 1s equal to or
lower than the predetermined o1l temperature Ta. If the o1l
temperature Toil 1s higher than the predetermined o1l tem-
perature Ta, the result of the determination 1 S1 1s regarded
as negative, and a transition to step 3, which will be
described later, 1s made. If the o1l temperature Toil 1s equal
to or lower than the predetermined o1l temperature Ta, the
result of the determination 1n S1 1s regarded as positive, and
a transition to S2 1s made. In S2 corresponding to the speed
ratio lower limit setting unit 88, the lower limit vlow of the
speed ratio v of the continuously variable transmission 16 1s
set based on the o1l temperature Toil.

Subsequently 1n S3 corresponding to the clutch torque
control unit 84, 1t 1s determined whether or not a slip of the
driving wheels 24 has been detected. If no slip has been
detected, the result of the determination 1 S3 1s regarded as
negative, and the present routine 1s ended. I a slip has been
detected, the result of the determination in S3 1s regarded as
positive, and a transition to S4 1s made. In S4 corresponding
to the continuously variable shift control unit 82 and the
clutch torque control unit 84, the torque capacity Tcl of the
clutch 18 1s controlled to a value smaller than the belt torque
capacity Tcvt of the continuously varniable transmission 16.

It should be noted herein that when the o1l temperature
Toil 1s equal to the predetermined o1l temperature Ta, the
speed ratio v of the continuously variable transmission 16 1s
controlled 1n advance to a value larger than the lower limait
vlow. Therefore, when a slip 1s detected, the torque capacity
Tc of the clutch 18 becomes smaller than the belt torque
capacity Tcvt within the reference response time ftrep.
Accordingly, even when an inertia torque 1s mput to the
continuously variable transmission 16 due to sudden braking
after the occurrence of a slip, the clutch 18 slips, so the belt
of the continuously variable transmission 16 1s restrained
from slipping.

FIG. 6 1s a time chart showing an operation result through
the control operation of the electronic control unit 50. FIG.
6 shows the control operation while runmng with the o1l
temperature Toil of hydraulic o1l being lower than the
predetermined o1l temperature Ta. In FIG. 6, the axis of
abscissa represents an elapsed time t, and the axes of
ordinate represent, sequentially from above, the o1l tempera-
ture Toil, the speed ratio y of the continuously variable
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transmission 16, the accelerator opening degree Acc, the
brake signal Bon, a tire slip determination signal SLIP, the
various rotational speeds (the engine rotational speed Ne,
the mnput shaft rotational speed Nin, the first output shait
rotational speed Nsec and the second output shaft rotational 5
speed Nout) and the various torque capacities (the torque
capacity Tcl and the belt torque capacity Tcvt) respectively.

As shown 1n FIG. 6, the o1l temperature Toil of hydraulic
o1l 1s lower than the predetermined oil temperature Ta.
Accordingly, the lower limit vlow of the speed ratio vy 1s set. 10
The speed ratio v changes toward a high gear side (in such
a direction that the speed ratio decreases) at and before the
time point t1. When the speed ratio v decreases to the lower
limit ylow at the time point t1, the speed ratio vy 1s thereafter
held equal to the lower limit ylow. 15

When a slip 1s detected at the time point t2, the torque
capacity Tcl of the clutch 18 indicated by a solid line 1s
lowered to a predetermined value set in advance. In parallel,
the belt torque capacity Tcvt of the continuously variable
transmission 16 indicated by an alternate long and short dash 20
line 1s enhanced to a predetermined value that 1s set 1n
advance larger than the torque capacity Tcl of the clutch 18.
Incidentally, both the torque capacity Tcl and the belt torque
capacity Tcvt, which are shown in FIG. 6, are command
values. The actual torque capacity Tcl decreases with delay, 25
and the actual belt torque capacity Tcvt increases with delay.

Depression of the accelerator pedal by the driver 1s
canceled at a time point t3, and the driver depresses a foot
brake pedal at a time point t4, so an 1nertia torque resulting
from a change 1n the rotational speed of the driving wheels 30
24 1s mput from the driving wheel 24 sides. It should be
noted herein that the actual torque capacity Tcl becomes
smaller than the belt torque capacity Tcvt within the refer-
ence response time trep set 1n advance from the time point
t2. Theretfore, the torque capacity Tcl 1s already smaller than 35
the belt torque capacity Tcvt at the time point t4. Accord-
ingly, even when an 1nertia torque 1s input at the time point
t4, the clutch 18 slips, so the belt of the continuously
variable transmission 16 1s restrained from slipping.

Incidentally, the reference response time Trep 1s not 40
mentioned 1 FIG. 6, but 1s set sulliciently shorter than a
period between the time point t2 and the time point t4.
Besides, when the lower limit vlow of the speed ratio v 1s not
set, the torque capacity Tc (the one-axis equivalent value) of
the clutch 18 1s large. Therefore, the actual torque capacity 45
Tc becomes smaller than the actual belt torque capacity Tevt
at and after, for example, the time point t4. A slip of the belt
may be caused by the inertia torque that 1s mnput at the time
point t4.

As described above, according to the present embodiment 50
of the present disclosure, when the o1l temperature Toil of
hydraulic o1l 1s equal to the predetermined o1l temperature
Ta, the speed ratio v of the continuously variable transmis-
sion 16 1s controlled to a value larger than the lower limit
vlow set 1n advance, so the torque capacity Icl (the one-axis 55
equivalent value) of the clutch 18 becomes small. Therefore,
when a slip of the dnving wheels 24 1s detected, the torque
capacity Icl of the clutch 18 can be swiltly made smaller
than the belt torque capacity Tcvt of the continuously
variable transmission 16. As a result, even when an exces- 60
sive 1nertia torque 1s 1nput from the driving wheel 24 sides
alter detection of a slip, the clutch 18 slips, so the belt of the
continuously variable transmission 16 can be restrained
from slipping.

Besides, according to the present embodiment of the 65
present disclosure, when a slip of the driving wheels 24 1s
detected, the belt torque capacity Tcvt of the continuously

14

variable transmission 16 1s enhanced to a value larger than
the torque capacity Icl of the clutch 18. Therefore, even
when an excessive inertia torque 1s mput from the driving
wheel sides, the clutch 18 slips, so the belt of the continu-
ously variable transmission 16 1s restrained from slipping.

Next, the other embodiment of the present disclosure will
be described. Incidentally, components common to those of
the foregoing embodiment of the present disclosure will be
denoted by the same reference symbols respectively 1n the
tollowing description. The description of those components
will be omatted.

FIG. 7 1s a functional block diagram illustrating an
essential part of control functions performed by an elec-
tronic control unit 102 that controls a vehicular drive umit
100 corresponding to the other embodiment of the present
disclosure. When the o1l temperature determination unit 86
determines that the o1l temperature Toil of hydraulic o1l has
become equal to or lower than the predetermined o1l tem-
perature Ta. set 1n advance, a clutch torque control unit 104
controls the o1l pressure Pcl (the command o1l pressure) of
the hydraulic cylinder 18a of the clutch 18 to a constant
pressure Pcon set in advance.

The constant pressure Pcon 1s a value that 1s obtained 1n
advance through an experiment or an analysis, and 1s set
within a range that can make the torque capacity Tcl of the
clutch 18 smaller than the belt torque capacity Tcvt of the
continuously variable transmission 16 within the reference
response time trep with respect to a time point when a ship
1s detected. For example, a relational map constituted of the
o1l temperature Toil and the constant pressure Pcon 1is
obtained 1n advance and stored. The constant pressure Pcon
1s a value lower than a command o1l pressure that 1s set when
the o1l temperature Toil 1s higher than the predetermined o1l
temperature Ta, and 1s set to a value that falls as the o1l
temperature Toil falls. Accordingly, when the o1l tempera-
ture Toil 1s equal to or lower than the predetermined o1l
temperature Ta, the torque capacity Tcl of the clutch 18 that
1s proportional to the o1l pressure Pcl of the hydraulic
cylinder 18a of the clutch 18 1s controlled to a value smaller
than the torque capacity Tcl at the time when the o1l
temperature Toil 1s higher than the predetermined o1l tem-
perature 1o

The clutch torque control unit 104 decides the constant
pressure Pcon by referring to the current oil temperature
Toil, based on the relational map constituted of the o1l
temperature Toil and the constant pressure Pcon, and outputs
the decided constant pressure Pcon as a command oil
pressure of the hydraulic cylinder 18a of the clutch 18.
Accordingly, the o1l pressure Pcl of the hydraulic cylinder
18a of the clutch 18 1s controlled to the constant pressure
Pcon.

Besides, while the o1l pressure Pcl of the hydraulic
cylinder 18a of the clutch 18 1s controlled to the constant
pressure Pcon, an engine output control unit 106 sets an
upper limit Telim of the target engine torque Te*. The upper
limit Telim 1s set within such a range that the clutch 18 does
not slip when the engine torque Te 1s transmitted to the
clutch 18. In concrete terms, the upper limit Telim 1s set
smaller than the equivalent value (the one-axis equivalent
value) of the torque capacity ‘Icl of the clutch 18 at the time
when the clutch 18 1s arranged concentrically with the
engine 12. Incidentally, the torque capacity of the clutch 18
at this time 1s a value that 1s calculated based on the constant
pressure Pcon as a command o1l pressure of the hydraulic
cylinder 18a of the clutch 18. The engine output control unit
106 sets the upper limit Telim as an upper limit of the target
engine torque Te™* and controls the engine torque Te within
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a range below the upper limit Telim, so the clutch 18 1s
restrained from slipping during running.

FIG. 8 shows response characteristics of the torque capac-
ity Tcl of the clutch 18 and the belt torque capacity Tcvt of
the continuously variable transmission 16 at the time when
the o1l temperature Toil 1s equal to or lower than the
predetermined o1l temperature Ta (when the o1l temperature
1s low). When the o1l temperature 1s low, the o1l pressure Pcl
of the hydraulic cylinder 18a of the clutch 18 1s controlled
in advance to the constant pressure Pcon, and the torque
capacity Tcl also assumes a value smaller than when the o1l
temperature Toil 1s higher than the predetermined o1l tem-
perature To (when the o1l temperature 1s high). At the time
point t1, the belt torque capacity Tcvt 1s enhanced, and the
torque capacity Tcl becomes smaller than the belt torque
capacity Tcvt within the reference response time trep. This
1s because the torque capacity Icl 1s held equal to a small
value 1n advance due to the fact that the o1l pressure Pcl of
the hydraulic cylinder 18a of the clutch 18 1s controlled in
advance to the constant pressure Pcon.

Besides, 1n addition to the atorementioned control, when
the o1l temperature Toil becomes equal to or lower than the
predetermined o1l temperature Ta, the belt torque capacity
Tcvt of the continuously variable transmission 16 may be
enhanced to a predetermined torque capacity set 1n advance.
In concrete terms, when the o1l temperature Toil becomes
equal to or lower than the predetermined o1l temperature Ta.,
the belt torque capacity Tcvt of the continuously variable
transmission 16 1s controlled to a predetermined torque
capacity that 1s larger than the belt torque capacity Tcvt that
1s set 1n the case where the o1l temperature Toil 1s higher than
the predetermined o1l temperature Ta. The belt torque
capacity Tcvt 1s thus enhanced 1n advance to the predeter-
mined torque capacity, so the torque capacity Icl can be
more swiltly made smaller than the belt torque capacity Tcvt
when a slip 1s detected. Incidentally, the predetermined
torque capacity 1s also changed 1n accordance with the o1l
temperature Toil, and 1s preferably changed to a value that
increases as the oil temperature Toil falls.

FIG. 9 1s a flowchart 1llustrating a control operation that
1s performed by the electronic control unit 102 to make 1t
possible to restrain the belt of the continuously variable
transmission 16 from slipping even when an 1nertia torque 1s
input from the driving wheels 24 due to a slip of the vehicle.
This flowchart 1s repeatedly executed during the running of
the vehicle.

First of all, 1n step S10 (the word “step” will be omitted
hereinafter) corresponding to the function of the o1l tem-
perature determination unit 86, 1t 1s determined whether or
not the o1l temperature Toil of hydraulic o1l 1s equal to or
lower than the predetermined o1l temperature Ta. If the o1l
temperature Toil 1s higher than the predetermined o1l tem-
perature Toa, the result of the determination i S10 1s
regarded as negative, and a transition to S12, which will be
described later, 1s made. It the o1l temperature Toil 1s equal
to or lower than the predetermined o1l temperature Ta, the
result of the determination 1n S10 1s regarded as positive,
and a transition to S11 1s made. In S11 corresponding to the
clutch torque control unit 104 and the engine output control
unit 106, the o1l pressure Pcl of the hydraulic cylinder 184
of the clutch 18 is controlled to the constant pressure Pcon.
At the same time, the upper limit Telim of the engine torque
Te 1s set such that the clutch 18 does not slip during running.

Subsequently 1 S12 corresponding to the clutch torque
control umt 104, 1t 1s determined whether or not a slip of the
driving wheels 24 has been detected. If no slip has been
detected, the result of the determination 1n S12 1s regarded
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as negative, and the present routine 1s ended. If a slip has
been detected, the result of the determination in S12 1s
regarded as positive, and a transition to S13 1s made. In S13
corresponding to the continuously variable shift control unit
82 and the clutch torque control unit 104, the belt torque
capacity Tcvt of the continuously variable transmission 16 1s
enhanced and controlled to a value larger than the torque
capacity Tcl of the clutch 18.

It should be noted herein that 11 the o1l temperature Toil
1s equal to or lower than the predetermined o1l temperature
Ta, the o1l pressure Pcl of the hydraulic cylinder 18a of the
clutch 18 1s controlled to the constant pressure Pcon. There-
fore, the torque capacity Icl of the clutch 18 becomes small.
When a slip 1s detected, the torque capacity Tcl becomes
smaller than the belt torque capacity Tcvt within the refer-
ence response time trep. Accordingly, even when an 1nertia
torque 1s mput to the continuously variable transmission 16
due to sudden braking after the occurrence of a slip, the
clutch 18 slips, and the belt of the continuously variable
transmission 16 1s restrained from slipping.

FIG. 10 1s a time chart showing an operation result
through the control operation of the electronic control unit
102. FIG. 10 shows the control operation while running with
the o1l temperature Toil of hydraulic o1l being lower than the
predetermined o1l temperature Ta. In FIG. 10, the axis of
abscissa represents the elapsed time t, and the axes of
ordinate represent, sequentially from above, the o1l tempera-
ture Toil, the target engine torque Te*, the accelerator
opening degree Acc, the brake signal Bon, the tire slip
determination signal SLIP, the various rotational speeds (the
engine rotational speed Ne, the input shaft rotational speed
Nin, the first output shait rotational speed Nsec and the
second output shaft rotational speed Nout) and the various
torque capacities (the torque capacity Tcl and the belt torque
capacity Tcvt) respectively.

As shown at the top of FIG. 10, the o1l temperature Toil
of hydraulic o1l 1s lower than the predetermined o1l tem-
perature T at and before the time point t1. In this regard,
as shown at the bottom of FI1G. 10, the o1l pressure Pcl of the
hydraulic cylinder 18a of the clutch 18 1s controlled to the
constant pressure Pcon at and before the time point t1, so the
torque capacity Tcl of the clutch 18 1s held equal to a small
value. Besides, the upper limit Telim of the target engine
torque Te* 1s set such that the clutch 18 does not slip during
running, so the target engine torque Te™ 1s so regulated as to
become equal to or smaller than the upper limit Telim.

When a slip 1s detected at the time point t1, the belt torque
capacity Tcvt of the continuously varniable transmission 16,
which 1s 1indicated by an alternate long and short dash line,
1s enhanced to a predetermined value larger than the torque
capacity Icl. Incidentally, the belt torque capacity Tcvt
shown 1n FIG. 10 1s a command value, and the actual belt
torque capacity Tcvt increases with delay. In concrete terms,
the actual belt torque capacity Tcvt becomes equal to the
predetermined value within the reference response time trep

from the time point t1. This reference response time trep 1s
set to a value shorter than a time interval between the time
point t1 and the time point t3.

Depression of the accelerator pedal by the driver 1s
cancelled at the time point t2, and the drniver depresses the
foot brake pedal at the time point t3, so an 1nertia torque
resulting from a change 1n the rotational speed of the driving
wheels 24 1s input from the driving wheel 24 sides. At this
time, the torque capacity Icl 1s made 1n advance smaller than
the belt torque capacity Tcvt. Therefore, even when an
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inertia torque 1s iput at the time point t3, the clutch 18 slips,
and the belt of the continuously variable transmission 16 1s
restrained from slipping.

As described above, according to the present embodiment
of the present disclosure, when the o1l temperature Toil of 5
hydraulic o1l 1s equal to or lower than the predetermined o1l
temperature Ta, the torque capacity Icl of the clutch 18 1s
set to a value smaller than the torque capacity that 1s set 1n
the case where the o1l temperature Toil 1s higher than the
predetermined o1l temperature Ta. Thus, when a slip of the 10
driving wheels 24 1s detected, the torque capacity 'Icl of the
clutch 18 can be swiltly made smaller than the belt torque
capacity Tcvt of the continuously variable transmission 16.
Accordingly, even when an inertia torque 1s input from the
driving wheel 24 sides, the clutch 18 slips, so the belt of the 15
continuously varniable transmission 16 1s restrained from
slipping.

Besides, according to the present embodiment of the
present disclosure, the command o1l pressure Pcl of the
clutch 18 1s set to the constant pressure Pcon lower than the 20
command o1l pressure that 1s set 1n the case where the oil
temperature Toil of hydraulic o1l 1s higher than the prede-
termined o1l temperature To.. Therefore, the torque capacity
Tcl of the clutch 18 1s smaller than a torque capacity at the
time when the oil temperature Toil 1s higher than the 25
predetermined o1l temperature Ta. When a slip of the
driving wheels 24 1s detected, the torque capacity Icl of the
clutch 18 can be swiltly made smaller than the belt torque
capacity Tcvt of the continuously variable transmission 16.

Besides, according to the present embodiment of the 30
present disclosure, when the o1l temperature Toil of hydrau-
lic o1l 1s equal to or lower than the predetermined o1l
temperature Ta, the belt torque capacity Tcvt of the con-
tinuously variable transmission 16 1s controlled 1n advance
to a value larger than in the case where the o1l temperature 35
Toil 1s higher than the predetermined o1l temperature Ta.
Thus, when a slip of the driving wheels 24 1s detected, the
torque capacity Tcl of the clutch 18 can be swiftly made
smaller than the belt torque capacity Tcvt of the continu-
ously variable transmission 16. 40

Besides, according to the present embodiment of the
present disclosure, the torque capacity Icl of the clutch 18
that 1s set in the case where the oil temperature Toil of
hydraulic o1l 1s equal to or lower than the predetermined o1l
temperature To 1s set to a value that can be made smaller 45
than the belt torque capacity Tcvt of the continuously
variable transmission 16 within the reference response time
trep set 1n advance from detection of a slip of the driving
wheels 24. Therefore, when a slip of the driving wheels 24
1s detected, the torque capacity Tcl of the clutch 18 can be 50
made smaller than the belt torque capacity Tcvt within the
reference response time trep.

Besides, according to the present embodiment of the
present disclosure, when a slip of the driving wheels 24 1s
detected, the belt torque capacity Tcvt of the continuously 55
variable transmission 16 1s enhanced to a value larger than
the torque capacity Icl of the clutch 18. Therefore, even
when an excessive 1ertia torque 1s mput from the dniving
wheel 24 sides, the clutch 18 slips, so the belt of the
continuously variable transmission 16 1s restrained from 60
slipping.

Besides, according to the present embodiment of the
present disclosure, while the torque capacity Icl of the
clutch 18 i1s controlled to a value smaller than a torque
capacity at the time when the o1l temperature Toil of 65
hydraulic o1l 1s higher than the predetermined o1l tempera-
ture Ta, the engine torque Te 1s limited to such a range that
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the clutch 18 does not slip. Therefore, when the engine
torque Te 1s transmitted to the clutch 18, the clutch 18 1s
restrained from slipping.

Although the embodiments of the present disclosure have
been described above in detail based on the drawings, the
present disclosure 1s also applicable to other aspects thereof.

For example, 1n each of the foregoing embodiments of the
present disclosure, when the o1l temperature Toil of hydrau-
lic o1l 1s equal to or lower than the predetermined oil
temperature To, the lower limit ylow of the speed ratio vy of
the continuously variable transmission 16 is set, or the o1l
pressure Pcl of the hydraulic cylinder 18a of the clutch 18
1s controlled to the constant pressure Pcon. However, 1t 1s
not indispensable to perform one of these two kinds of
control. Both the kinds of control may be performed.

Besides, 1n each of the foregoing embodiments of the
present disclosure, the vehicular drive umt 10 1s configured
to be equipped with the engine 12, the continuously variable
transmission 16, and the clutch 18 that 1s provided between
the continuously variable transmission 16 and the driving
wheels 24. However, a gear mechamism may be further
provided in parallel with the continuously variable trans-
mission 16, and the power transmission path between the
engine 12 and the driving wheels 24 may be changed over
to either the continuously variable transmission 16 or the
gear mechanism. At this time, the clutch 18 that 1s provided
between the continuously variable transmission 16 and the
driving wheels 24 can also be caused to function as a
changeover clutch for changing over the power transmission
path. Besides, a forward-backward changeover device that
changes over the traveling direction of the vehicle may be
provided between the torque converter 14 and the continu-
ously variable transmission 16.

Besides, 1n each of the foregoing embodiments of the
present disclosure, when the o1l temperature Toil of hydrau-
lic o1l 1s equal to or lower than the predetermined oil
temperature Ta., the o1l pressure Pcl of the hydraulic cylin-
der 18a of the clutch 18 1s controlled to the constant pressure
Pcon, but 1s not necessarily limited to the constant pressure
Pcon. The o1l pressure may be further lowered when a slip
1s detected.

Incidentally, the foregoing 1s nothing more than the
embodiments of the present disclosure. The present disclo-
sure can be carried out in modes subjected to various
alterations and improvements based on the knowledge of
those skilled 1n the art.

What 1s claimed 1s:

1. A control apparatus for a vehicular drive unit, the
vehicular drive unit including a power source, a continu-
ously variable transmission, and a clutch, the continuously
variable transmission being a belt-type continuously vari-
able transmission, a power ol the power source being mput
to the continuously variable transmission, and the clutch
being arranged in a power transmission path between the
continuously variable transmission and a driving wheel, the
control apparatus comprising:

an electronic control unit configured to:

acquire an o1l temperature of hydraulic oil; and

control the clutch such that, when the electronic control

unit determines that the acquired o1l temperature 1s
equal to or lower than a predetermined threshold, a
torque capacity of the clutch 1s set to a smaller value
than a torque capacity that 1s set in a case where the
clectronic control unit determines that the acquired o1l
temperature of the hydraulic oil 1s higher than the
predetermined threshold, wherein
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when the electronic control unit determines that the
acquired o1l temperature 1s equal to or lower than the
predetermined threshold, the electronic control unit 1s
configured to set a command o1l pressure of the clutch
to a smaller value than a command o1l pressure that 1s
set by the electronic control unit in a case where the
clectronic control unit determines that the acquired oil
temperature ol the hydraulic oil 1s higher than the
predetermined threshold.

2. A control apparatus for a vehicular drive unit, the
vehicular drive unit including a power source, a continu-
ously variable transmission, and a clutch, the continuously
variable transmission being a belt-type continuously vari-
able transmission, a power of the power source being input
to the continuously variable transmission, and the clutch
being arranged in a power transmission path between the
continuously variable transmission and a driving wheel, the
control apparatus comprising:

an electronic control unit configured to:

acquire an o1l temperature of hydraulic o1l; and

control the clutch such that, when the electronic control

umt determines that the acquired oil temperature 1s
equal to or lower than a predetermined threshold, a
torque capacity of the clutch 1s set to a smaller value
than a torque capacity that 1s set in a case where the
electronic control unit determines that the acquired o1l
temperature of the hydraulic oil 1s higher than the
predetermined threshold, wherein

the electronic control unit 1s configured such that a value

of the torque capacity of the clutch 1n a case where the
acquired o1l temperature 1s equal to or lower than the
predetermined threshold 1s a value that can be made
smaller than a belt torque capacity of the continuously
variable transmission within a reference response time
set 1n advance from detection of a slip of the driving
wheel.

3. A control apparatus for a vehicular drive unit, the
vehicular drive unit including a power source, a continu-
ously variable transmission, and a clutch, the continuously
variable transmission being a belt-type continuously vari-
able transmission, a power of the power source being input
to the continuously variable transmission, and the clutch
being arranged in a power transmission path between the
continuously variable transmission and a driving wheel, the
control apparatus comprising:
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an electronic control unit configured to:
acquire an o1l temperature of hydraulic oil; and
control the clutch such that, when the electronic control
unit determines that the acquired oil temperature is
equal to or lower than a predetermined threshold, a
torque capacity of the clutch 1s set to a smaller value
than a torque capacity that 1s set in a case where the
clectronic control unit determines that the acquired o1l
temperature of the hydraulic oil 1s higher than the
predetermined threshold, wherein
the electronic control unit 1s configured to control the
continuously variable transmission 1n such a manner as
to make a belt torque capacity of the continuously
variable transmission larger than the torque capacity of
the clutch when a slip of the driving wheel 1s detected.
4. A control apparatus for a vehicular drive unit, the
vehicular drive unit including a power source, a continu-
ously variable transmission, and a clutch, the continuously
variable transmission being a belt-type continuously vari-
able transmission, a power of the power source being 1nput
to the continuously varniable transmission, and the clutch
being arranged 1 a power transmission path between the
continuously variable transmission and a driving wheel, the
control apparatus comprising:
an electronic control unit configured to:
acquire an o1l temperature of hydraulic oil; and
control the clutch such that, when the electronic control
unit determines that the acquired o1l temperature 1s
equal to or lower than a predetermined threshold, a
torque capacity of the clutch 1s set to a smaller value
than a torque capacity that 1s set in a case where the
clectronic control unit determines that the acquired o1l

temperature ol the hydraulic oil 1s higher than the
predetermined threshold, wherein

the electronic control unit 1s configured to control the
power source such that a torque of the power source 1s
limited to a torque within such a range as not to cause
the clutch to slip at a time of transmission of the torque
to the clutch, when the torque capacity of the clutch
becomes smaller than a torque capacity at a time when
the acquired o1l temperature 1s higher than the prede-
termined threshold.
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